Abstract: An experiment was designed to evaluate the effects of using organic acids as an alternative to antibiotic growth promoter on performance of broiler chicks. Carcass characteristics, histological changes of ileum and immune related organs (bursa, thymus and spleen) along with intestinal bacteria count were also studied. A number of 150 Cobb broiler chicks were fed on three dietary treatments: a basal cornsoybean meal diet served as a control treatment with no supplements or supplemented with either 0.025% Bacitracin Methylene Disalicylat (BMD, antibiotic) or 0.06% Galliacid (organic acids) from 10 to 36 days of ® age. The results showed that birds fed antibiotic or organic acids gained significant (p<0.05) more body weight than those fed the control diet. No significant differences were detected among treatments on feed intake while feed conversion ratio (FCR) values were significantly (p<0.001) differ. Addition of organic acids or antibiotic did improve FCR by about 9 and 4%, respectively. These results indicated that birds fed either organic acids or antibiotic supplemented diets utilized feed more efficiently than those fed the control diet. Carcass characteristics were not affected by dietary treatments, while the addition of antibiotic or organic acids significantly (p<0.01) increased spleen and bursa weight (% live body weight). Addition of organic acids was more effective than antibiotic on decreasing intestinal count of Escherichia coli and appearance of Colostridium perfringers. Organic acids as alternative to the antibiotic growth promoter have stimulated some histological change in histology of the villi and the immune related organs. Performance and feed efficiency are closely interrelated with the quantitative microbial load of the gut, the morphological structure of the intestinal wall and the activity of the immune system. In conclusion, dietary inclusion of organic acids increased growth performance and improved intestinal health and morphology of broiler chicks. It could be successfully used as alternative to antibiotic growth promoters in broiler diets or as a tool of controlling intestinal pathogenic bacteria.
INTRODUCTION
Antibiotic growth promoters (AGPs) have been routinely supplemented to poultry feeds in order to improve the growth performance and to reduce the populations of potentially-pathogenic organisms. However, AGPs supplementation to poultry diets has been seriously condemned due to the risk of developing crossresistance and multiple antibiotic resistances i n pathogenic bacteria and there has been an ongoing necessity to identify effective replacements for AGPs in animal nutrition. Organic acids are among the alternative growth promoters that are being used to stimulate growth performance in poultry (Dibner and Winter, 2002; Dibner, 2004; Adil et al., 2010; Hassan et al., 2010) . Many studies demonstrated that supplementation of organic acids to broiler diets could be used to increased growth performance, reduced diseases and overcome some management problems (Gunal et al., 2006; Islam et al., 2008; Ao et al., 2009; Hassan et al., 2010; Sayrafi et al., 2011) . However, inconsistent results had been reported on the effect of adding organic acids to broiler diets on growth performance. While, Hassan et al. (2010) concluded that organic acid are more efficient than antibiotic growth promoters in improving broiler performance, Sayrafi et al. (2011) showed that weight gain and feed intake were not affected by addition of organic acids. On the other hand, supplementation of organic acids to poultry diets was shown to increases beneficial microbial activity in the small intestine (Cengiz et al., 2012) and suppress the growth of certain species of bacteria such as Salmonella, E. coli, Clostridium perfringes, Listeria monocytogenes and Campylobacter (Van Immerseel, 2002; Hassan et al., 2010) . This may positively stimulus gut morphology. There were also some evidences related to the effect of addition of either antibiotic or organic acids to broiler diets on intestine histology (Sayrafi et al., 2011) . Organic acids increase villus length in poultry (Gunal et al., 2006; Samik et al., 2007) while antibiotic caused low villi height (Oliveira et al., 2008; Abudabos et al., 2014) .
The objective of this study was to further compare the effects of adding commercial organic acid mixture (Galliacid) as alternative of antibiotic growth promoter (BMD) to broiler diets on productive performance, carcass characteristics and caecal bacterial content. Changes in histology of ileum and immune related organs (bursa, thymus and spleen) were also studied.
MATERIALS AND METHODS
Birds, feeding and management: A total number of 200 unsexed one day old Cobb 500 broiler chicks were brooded and fed on a starter diet for 10 days of age. Birds were then individually weighed and 150 chicks with almost the same live body weight were divided into three groups (5 replicates of 10 chicks, each). The average initial live body weight of all replicates was nearly similar. Replicates were randomly allocated in batteries of three-tier system that has 15 compartments (5 replicates x 3 dietary treatments). The dietary treatments involved a control diet of no feed additives, a diet supplemented with antibiotic growth promoter (BMD ) and a diet supplemented with the examined ® commercial products of organic acids (Galliacid Carcass characteristics: At day 36, five representative chicks with body weight close to the group average were selected, fasted for 12 h then individually weighed, slaughtered, feathered and eviscerated. Weights o f carcass, liver, gizzard, heart, spleen, bursa and abdominal fat were recorded and calculated as % of live body weight.
Caecal E. coli and Clostridium perfringers:
The counting method was adopted as described by Hassan et al. (2010) . Caecal contents were immediately collected from the slaughtered birds and prepared based on the method of Weinack et al. (1979) . Clostridium perfringers and E. coli colonies were counted according to Collins and Lyne (1984) . The microbial counts were determined as colony forming units (cfu) per gram of sample.
Histological observations: At the end of the experiment, representative tissue samples from ileum and immune related organs (bursa, thymus and spleen) were taken to study the histological changes associated with the experimental treatments. Samples were fixed in a 10% formalin-saline solution before preparing the histological sections using paraffin method technique. All sections were dehydrated in ascending grades of ethanol, cleared in zylene and then embedded in paraffin wax. Transverse sections (4-5 microns, thickness) were taken, mounted on glass slides and stained with weight, dressing, heart, gizzard and liver (% body weight) haemotoxyline and eosin (H and E) stains. All sections were examined under electric microscope provided with computerized camera.
Statistical analysis: Data were statistically analyzed for analysis of variance using the General Liner Model of SAS Institute (1990). Significant differences among treatment means were separated by Duncan's multiple rang test (Duncans, 1955 ) with a 5% level of probability.
RESULTS
Growth performance: Performance of chicks fed the different experimental diets during the two feeding intervals (11-25 and 26-36 days of age) and the entire period (10-36 days of age) is summarized in Table 2 . During the two intervals, body weight gain (BWG) did not significantly affect by the dietary treatments but significant (p<0.01) improvement was observed on feed conversion ratio (FCR). The results of the entire period showed birds fed BMD or Galliacid gained significant (p<0.05) more body weight than those fed the control diet. No significant differences were detected among treatments on feed intake. The recorded values of FCR were 1.71 for the control diet and 1.65 and 1.55 for those fed BMD and Galliacid supplemented diets, respectively. Addition of Galliacid or BMD did improve FCR by about 9 and 4%, respectively.
Carcass characteristics: Effects of dietary treatments on carcass characteristics of broilers are shown i n Table 3 . The results indicated that carcass characteristics were not affected by dietary treatments, while the relative weights of spleen and bursa were significantly (p<0.01) affected. Addition of antibiotic or organic acid significantly (p<0.01) increased relative weight of spleen and bursa compared with the control. No significant differences were detected on carcass among treatments. The relative weight of spleen and bursa were significantly improved (p<0.01) b y supplementation of antibiotic or organic acids compared to the control diet.
Caecal bacteria: The effects of dietary treatments on intestinal microflora (Escherichia coli and Clostridium perfringers) of chicks fed the different dietary treatments are shown in Table 4 . The results showed that the addition of antibiotic (BMD) did not decrease count of intestinal Escherichia coli compared to the control diet. Also, Clostridium perfringers was detected on intestine of birds fed antibiotic supplemented diet as the control treatment. Addition of organic acid (Galliacid) significantly (p<0.001) decreased intestinal count o f Escherichia coli compared to the control diet and that supplemented with antibiotic. Clostridium perfringers was not detected on the intestine of birds fed organic acid supplemented diet. These results indicated that addition of organic acids to broiler diets was more effective than antibiotic on decreasing intestinal count of Escherichia coli and appearance of Clostridium perfringers.
Histological observations A-small intestine (Ileum): Figure 1 shows the histological changes related to the feed additives. Villi height and width along with the number of crypts per the microscopic field were differed between the control (Fig. 1a) and the treated groups (Fig. 1b-c ). There were more crypts of the treated groups compared with control. Furthermore, the epithelial linning of the crypts i s cuboidal in these sections. These changes may reflect a positive effect of the growth promoters on the digestive tract histology as the major system for nutrients digestion and absorption. Fig. 2 shows the effect of dietary response to dietary treatments are illustrated in Fig. 3 . treatments on histology of chick bursa. As described by There is one lobule in each section with or without the Hodges (1974) , bursa of Fabricius is a primary lymphoid fine septa in Fig. 3 (a-c) . Khenenou et al. (2012) reported organ in birds and it is composed of about 15 plicae that thymus gland is enclosed by a fine connective (folds), each contain numerous bursal follicles (F).
tissue capsule with numerous fine septa which divide These follicles have two distinct areas, cortex and the gland into lobules. An increased number of small medulla. The present sections show that the F of the lymphocytes could be seen in all sections (Fig. 3a-c ). control group (Fig. 2a ) elongated with few large Furthermore, there were several types of cellular lymphocytes (LL) and abundant medullary area. This degeneration and vaculation including necrotic areas area is composed of apparently undifferentiated concomitant with an irregular arrangement of thymic epithelial cells (pale-staining) and small lymphocytes cells within cortex and medullary region since, the gland (SL) or lymphoblasts. However, well developed bursal undergoes involution with age, the changes may be in follicles could be seen in the antibiotic treated group lymphocytes number and size along with the presence (Fig. 2b) . It is clear from this section that antibiotic of degenerative or necrotic areas these changes are addition enhances the activity of bursal follicles. This more evident in the control, antibiotic and organic acid hyperactivity is accompanied by the presence of many sections (Fig. 3a-c ). large lymphocytes in the cortex area concomitant with many lumens between the follicles. These lumens are 3-Spleen: Figure 4 illustrated the histological changes in abundant in this treatment and to less extent in organic spleen as affected by the dietary treatments. The acid treatment (Fig. 2c) . In general, the lumens are histological section of spleen from the control group responsible for the phagocytic processes and for (Fig. 4a) shows the basic structure of the spelenic maintaining the B-cell production. It is also same agetissues, where a large white pulp (WP) area and a related degenerative areas (dg) that could be seen with dark-stained red pulp (RP) area could be seen. Also, high frequency in Fig. 2a-c, respectively . numerous blood vessels, sinusoids and lymphocytes of (Fig. 4c ). There were large numbers of small and (2001) who suggested that this improvement might be large lymphocytes in both RP and WP areas and the RP due to a better ileal digestibility of nutrients. These area extended all over the spelenic tissues. This trend results confirmed the growth promoting effect of was also detected in the antibiotic (Fig. 4b) treatment supplemental organic acids as reported by Alcicek et al. group section, however, the small lymphocytes are (2004), Senkoylu et al. (2005) and Hassan et al. (2010) . abundant than the large ones. In all sections, many Hassan et al. (2010) indicated that organic acid mixtures basophilic hemosiderin granules could be observed in (Galliacid) are more efficient than antibiotic growth between the blood sinusoids accompanied with different promoters (Enramycin) in improving broiler performance patterns of WP and RP distribution within each section. and decreasing intestinal Escherichia coli and
DISCUSSION
The obtained results were in agreement with those of Bozkurt et al. (2009) who reported that the different feed additive regimens that include organic acid significantly (p<0.05) improved the growth rate of the birds compared to the control diet. However, Sayrafi et al. (2011) studied the effects of organic acid as an alternative feed additive to an antibiotic growth promoter (bacitracin) on the performance of broiler chicks and found that WG and feed intake were not affected by dietary treatments.
Salmonella spp. The obtained results also confirmed those reported by Sheikh et al. (2010) who found that broiler chicken fed diets supplemented with organic acids had significant (p<0.05) improvement in body weight gain and feed conversion ratio. No effect (p<0.05) on cumulative feed consumption was observed. Dietary treatments did not affect carcass weight and carcass yield. In the present study dietary treatments had no significant effect on carcass characteristics. Similar results were observed by Thirumeignanam et al. (2006) who found that carcass characteristics were not Regarding the relations between performance and gut morphology, Vieira et al. (2008) reported that significant correlations were not observed between performance and villus height or crypt depth. But, Awad et al. (2009) concluded that villus condition is a common criteria measurement for investigation of the effects of nutrition on gut physiology. Longer villus could be considered as an indicator of an active functioning of intestinal villi. Increased villi height provides more surface area for nutrients absorption. Oliveira et al. (2008) and Abudabos et al. (2014) reported that antibiotic supplementation caused low villi height. The decrease in villi height could be attributed to the suppressing effect of the antibiotic for the beneficial bacteria in the gut, as Lactobacillus and Bifidobacteria, these bacteria play a major role in growth and maturation of the villi. Long villi are usually equated with excellent gut health, high absorptive efficiency and healthier intestinal tract of chickens. Also, Loddi et al. (2004) and Pelicano et al. (2005) explained that increased villus heights with most of the organic acids was attributed to the fact that organic acids reduce the bacteria, decreasing the intestinal colonization and infectious processes, ultimately decreasing the inflammatory reactions at the intestinal mucosa, which increases the villus height and functions of secretion, digestion and absorption of nutrients by the mucosa. Furthermore, several reports suggested that organic acids supplementation increase villus length in poultry (Gunal et al., 2006; Samik et al., 2007) . Abudabos et al. (2014) found that organic acids supplementation reduced the Salmonella count and improved the morphology of the ileum as a result the cumulative FCR improved. The obtained results proved those of Abdel-Fattah et al. (2008) and Hassan et al. (2010) who found that organic acids significantly increased the relative weight of spleen and bursa. The higher weight of spleen and bursa indicated that broiler chicks fed antibiotic or organic acids supplemented diets had better immune response and disease resistance than the control birds. In this respect, Katanbaf et al. (1989) reported earlier that the increase in the relative weight of such organs is considered as an indication of the immunological advances. It appears from the obtained results also that the enhanced growth performance of broiler is associated with significant increases in lymphoid organs relative weights, indicative of better immune response and good physiological status of birds. This was also supported by the observed histological changes in villi height, crypts size and depth along with the presence of many goblet cells in the epithelial linning of crypts which reveal an active hyperplasia in villi epithelium and crypts of LieberKuhn. It is concluded that organic acids stimulated some histological change in the villi histology and immune related organs, which may explain the observed improvement in performance, immunity and gastrointestinal environment. This means that performance and feed efficiency are closely interrelated with the qualitative and quantitative microbial load of the animal gut, the morphological structure of the intestinal wall and the activity of the immune system. Thus, organic acids could be used either as growth promoters or as a tool of controlling intestinal pathogenic bacteria. 
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